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Abstract 
Brake linings commonly used in vehicles are mixed composites of asbestos-based 
materials that harm human health. Therefore, new alternatives are needed to 
meet the needs of materials to replace asbestos, such as aluminum matrix 
composites. However, silica alloy powder, rice husk ash, and bagasse ash contain 
some chemical components that can affect the mechanical properties of the 
composite, such as optimal density and hardness. This research aims to see the 
effect of the percentage of materials and sintering temperature on the density and 
hardness values of the resulting composite. The method used in this research is a 
full factorial design. In this study, the density testing process used the ASTM B962-
17 standard reference and ASTM E110-14 as a standard reference for hardness 
testing with variations in the material composition of matrix is 94%, 91% and 88%, 
while the details of the strengthening percentage are SiO2: RHA:BA = 1:1:1. The 
sintering temperature variations for all three are 540 °C, 560 °C, and 580 °C with 
a holding time of 7 minutes. The study showed that the highest density and 
hardness values produced were 2.415 g/cm³ and 75HB when the 12% 
reinforcement percentage composite was sintered at 580°C. In contrast, the 
reinforcement percentage and sintering temperature for aluminum matrix 
composites did not affect the density and hardness results.  
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1. Introduction 

Technology development in various fields is rapid, especially in the automotive field, motorcycle assembly 
manufacturers are developing engine performance capabilities and technology that support them 
increasingly rapidly. With the development of vehicle performance, an effective braking system and safety in 
driving are needed. Brake linings are one of the components found in every vehicle that functions to slow 
down and stop the speed of the vehicle [1]. Brake linings commonly used in vehicles are a composite mixture 
of asbestos-based materials bonded by polymeric binders and several other materials [2]. However, Asbestos 
is a mining material that is carcinogenic (cancer-causing substance), so it can cause problems for health [3]. 
Therefore, a new alternative is needed to meet these material needs. Theoretically, composites are materials 
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formed by combining two or more materials to achieve a final material with mechanical properties superior 
to the constituent materials. The advantages of using composites include corrosion resistance, lightweight 
characteristics, attractive performance, manufacturing without machining processes, and suitability for 
several applications [4]. 

Aluminum matrix composites (AMC) are a type of composite where aluminum acts as the matrix or base 
material. At the same time, other reinforcements, such as fibers or particles, are also used in the mixture. 
AMC also has advantages such as low density, corrosion resistance, good elasticity, and mechanical 
tolerability, or it can be formed as needed [5]. The advantages possessed by this aluminum matrix composite 
are a reference for researchers to develop it as an alternative to asbestos brake lining material. Aluminum 
has superior characteristics, namely lightweight and corrosion resistance, making it suitable for use in various 
water environments (including seawater), oil, and other chemical compounds [6]. Silica sand (SiO₂) in Bangka 
Belitung, particularly from former tin mining areas and known as tailings silica sand, is available in large 
quantities. This resource is estimated to be spread over 64,255 hectares out of 124,838 hectares of former 
tin mining areas [7]. Previous research revealed that the soil in the area has a texture dominated by sand, 
with the composition of the sand fraction reaching 81-94%, dust content around 2-10%, and clay around 2- 
12% [8]. Rice husk ash (RHA) is a silica-rich material with distinctive characteristics that enable its use in 
various applications. In addition, RHA has several advantages, including economical production costs, its 
ability to suppress the formation of corrosive compounds such as aluminum carbide (Al₄C₃), and its potential 
as an environmentally friendly substitute for asbestos materials [9]. Bagasse ash is a waste produced after 
the milling process to separate the juice from the bagasse of the sugarcane plant. This waste, known as 
bagasse ash, comes from the sugar industry and contains lignin, cellulose, and hemicellulose fibers, which 
are by-products of sugarcane extraction. In general, bagasse has a composition of 52.67% water, 55.89% 
organic carbon, 0.25% total nitrogen, 0.16% P₂O₅, and 0.38% K₂O. When this bagasse is burned under 
controlled conditions, the resulting ash contains amorphous silica. After the combustion process, the silica 
(SiO₂) content in the ash increases to 64.65% [10]. 

The powder metallurgy method is used for the aluminum matrix composite manufacturing process. The 
primary process of the powder metallurgy method is divided into three stages: mixing matrix powder with 
reinforcing powder, the compression or pressing process, and the sintering stage [11]. However, the powder 
metallurgy method has several advantages compared to other processes, so the manufacture of composites 
with powder metallurgy technology has been increasingly developed recently [12]. High production speed 
because it can mass produce products, can produce products with complex shapes with small sizes, is easy 
to control product process parameters, and is able to produce products with more accurate dimensions [13]. 
Materials reinforced with SiC2/RHA/BA. For example, a study by Dylan et al. investigated the effect of volume 
fraction and sintering temperature on the density and hardness of recycled aluminum matrix composites, 
with an alloy reinforcement between silicon carbide and rice husk ash by varying the volume fraction of the 
reinforcement by 10%, 15%, and 20% and the sintering temperature was varied at 550°C, 580°C, 610°C. The 
highest density value in the sample with a 90% volume fraction is 1.72 g/cm3, and the highest hardness 
value is 40 HB [14]. In addition, there is research on the effect of compaction pressure and sintering 
temperature variations on the density and hardness of AMC reinforced with BA and Al2O3. Density testing 
obtained results with the highest value of 1.59 gr/mm3, while hardness testing obtained the highest results, 
rated at 42.76 HRB; the highest value was found at a compaction pressure of 6400 Psi.[15].Based on previous 
research, it is known that the treatment process applied to fibers used for composite reinforcement affects 
the composite's mechanical properties, including the composite material's tensile strength. 
Furthermore, using citronella plant fibers as composite reinforcement still needs to be improved. Therefore, 
this study will investigate citronella fiber-reinforced composites by applying chemical treatments to citronella 
fibers using natural compounds, namely coconut shell liquid smoke and turmeric solution, to examine the 
effects of these treatments on the tensile strength of the resulting composite. Based on previous research, it 
is known that the processing process applied to silica sand, rice husk ash, and bagasse ash used for 
aluminum matrix composite reinforcement affects the composite's mechanical properties, including the 
composite material's density and hardness. Furthermore, silica sand, RHA, and BA as composite 
reinforcement still need to be improved. Therefore, this study will examine aluminum matrix composites 
reinforced with silica alloys and agricultural waste by applying powder metallurgy methods to assess the 
density and hardness values of the resulting composites. 
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This research will involve recycled aluminium as a composite matrix in binder and armor-reinforced silica 
alloy silica and agricultural waste; this research offers new insights to increase awareness of environmentally 
friendly composites. The novelty of this research lies in several key aspects related to silica alloys, rice husk 
ash and bagasse ash as reinforcement in composite materials: 

The use of silica alloys and agricultural waste as reinforcement, such as silica sand, rice husk ash, and 
bagasse ash, is relatively less explored in the context of composite reinforcement. This study contributes to 
understanding the mechanical properties, especially the density and hardness of composites, which could be 
a new application of aluminium matrix composites. 
- The use of silica alloys and agricultural waste as reinforcement, such as silica sand, rice husk ash, and 

bagasse ash, is relatively less explored in the context of composite reinforcement. This study contributes to 
understanding the mechanical properties, especially the density and hardness of composites, which could 
be a new application of aluminium matrix composites. 

- Comparison of material composition and sintering temperature: this study explores the impact of 
parameters on the mechanical properties of composites. The focus on density and hardness provides a 
deeper understanding of how the powder metallurgy process factors in the optimization of agricultural 
waste-reinforced composites. 

- Full Factorial Design Method: The full factorial design method is used to study the effects of two factors 
(material composition and sintering temperature) on the density and hardness of composites, adding a 
structured experimental approach. The combination of these variables and their effect on mechanical 
properties has yet to be widely studied in brake linings. 

In summary, the novelty lies in the use of silica, rice husk ash, bagasse ash in the powder metallurgy 
process, and the full factorial design that evaluates their combined effects on material composition and 
sintering temperature, contributing new knowledge to the research of agricultural waste reinforced 
composites. 

 
2. Material and Method 

The composite was moulded using recycled aluminium powder with silica sand, rice husk ash and bagasse 
ash reinforcement. Then, the aluminium material and reinforcement are mixed using a ball mill machine, 
which mills for 6 hours. This mixing produces a more uniform, and dense compaction to improve the bond 
quality between particles. The material was compressed with a 2-way hydraulic press with a pressure of 6000 
Psi and held for 20 minutes. The hot compaction process takes place at 350°C in a ring-shaped mould having 
an inner diameter of 20 mm and an outer diameter of 50 mm, then tested for density and hardness tests. 

 
2.1. Material 

Supporting equipment in this research includes digital scales, a ball mill machine, a two-way hydraulic 
press, a mould, a thermogun, a thermocouple, an oven, a measuring cup, a portable hardness tester, and a 
density tester for composite testing. The materials used in this research are recycled aluminium powder, 
silica sand, rice husk ash and bagasse ash. Silica sand, rice husk ash, and bagasse ash reinforce materials in 
the composite, while recycled aluminium powder acts as a matrix for binding. The materials used in this study 
are depicted in Figure 1 below. These materials are crucial to ensure accurate results when testing the 
resulting composites. 

 

(a) (b) (c) (d) 

Figure 1. Recycled aluminium powder (a), Silica sand (b), Rice husk ash (c), Bagasse ash (d) 
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- Physical and mechanical properties 
Aluminum has good moldability, machinability, casting ability, and corrosion resistance. Its physical and 

mechanical properties make it a candidate for a composite matrix. This recycled aluminium has an element 
content level of 83% aluminium, 10% silica, 2.67% copper, 1% nickel, 0.85% Zn and 2.48% other impurities. 
Therefore, recycled aluminium for the matrix in this composite has physical properties close to the physical 
properties of Aluminum Si Alloy with a small percentage of copper and magnesium, as shown in Table 1, 
while the mechanical properties are as shown in Table 2. 

 
Table 1. Aluminium physical properties [16] 

Physical properties AlSi10Mg ≈ Al83%/10Si 
Density 2,67 gram/cm3 

Melting point 570 – 590 °C 
Thermal Conductivity 120 – 180 W/mK 

Coefficient of Thermal Expansion 20 x 10-6 k-1 90 -100 °C) 

Table 2. Mechanical properties of standardized and non-standard grades [17] 

Condition Tensile strength 
[MPa] 

Yield strength 
[MPa] 

Elongation at 
break [%] 

Brinell 
hardness 

Die cast, cast 
condition 

 
240 

 
140 

 
1 

 
70 

 
2.2 Method 

This research uses the powder metallurgy method; the steps of the powder metallurgy process are 
mechanical alloying and solidification of metal powder through pressing and sintering [12]. The alloying and 
mixing of powders is carried out using a ball mill machine. The parameters used in this process include a Ball 
Powder Weight Ratio (BPR) of 10:1, an engine rotation speed of 90 Rpm, and a grinding time of 6 hours. In 
this study using a powder mixture with a ratio of 88% Al: 12% (SiO2, RHA, BA), 91% Al: 9% (SiO2, RHA, BA), 
94% Al: 6% (SiO2, RHA, BA) with the weight of each sample being 35-40 grams. The powder was weighed with 
digital scales with an accuracy of 0.01. 

Furthermore, the powder was mixed with one mixing weighing 360 grams. The powder was put into a 
horizontal ball mill machine tube, which contained small steel balls with a diameter of 30mm and 25mm, 
with the weight of each ball being 111.18 grams and 65.96 grams. The balls have an average hardness of 61 
HRC and 58.2 HRC. After the mixing process is complete, compaction and two-way pressing are carried out 
using a hydraulic press that has been prepared. The machine has upper and lower hydraulic systems and a 
pressure gauge to monitor the applied pressure. Two-way pressing provides an advantage in more even 
pressure distribution between the top and bottom surfaces. The hot compaction method applies pressure to 
the sample and heating the powder. The mould used is ring-shaped with an inner diameter of 20 mm and an 
outer diameter of 50 mm. The sintering process aims to improve the inter-particle bonding of the powders. 
The verified samples were put into the oven when the process was executed. In the heating process, the 
samples were given temperatures of 540°C, 560°C and 580°C and a holding time of 7 minutes. The selection of 
the sintering temperature refers to the theory that states that, in general, sintering is carried out at 90% of its melting 
temperature [18], and considering that the matrix powder is recycled aluminum, which generally has an increased 
melting temperature [14]. After sintering, the samples are removed from the oven and cooled at room 
temperature. 
-Sample 

In this study, the preparation of density test specimens with ASTM B962-17 [19] standards is based on the 
principle of Archimedes' law and ASTM E110-14 [20] standard hardness test by visually seeing whether the 
samples that have been made have defects such as imperfect shapes (eroded), cracking and breaking. If the 
sample that has been made is in a test-worthy condition, it directly enters the testing stage, but if the sample 
still has defects and is not as expected, then the re-moulding process is carried out on the sample from the 
initial stage. 
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The process of making aluminium matrix composite specimens reinforced with silica sand and agricultural 
waste is as follows [14]: 
1. Prepare tools and powders that have been mechanically alloyed. 
2. Prepare the mould and put it into the hot compaction machine 
3. Pour the powder into a mould that has been weighed 35-40 grams. 
4. Turn on the thermocouple control and heat the mould to 350°C. 
5. Monitor the temperature on the thermocouple monitor that can be turned off and turn on the switch 
6. Perform up and down presses on the hot compaction machine with a pressure of 6000Psi. 
7. Hold time for the pressing process for 20 minutes 
8. Carefully remove the specimen from the mould. 
9. Leave the specimen at room temperature for two weeks, to make the microstructure more stable and the 

composite is ready for testing. 
 

Figure 2. Specimen 

- Sample test 
- Density sample test 

In this study, density testing was carried out using a density tester that refers to Archimedes' law with test 
standards using ASTM B962-17. The test procedure is as follows: 
1. Prepare all equipment and specimens needed for the density testing process. 
2. Calibrate digital scales and test equipment accordingly to ensure accurate measurements. 
3. Place the specimen securely in a container filled with distilled water. 
4. Ensure that the scale pendulum and thread hold the specimen in place. 
5. Monitor the results displayed on the scale monitor after 10 minutes of immersion. 

 
- hardness sample test 

In this study, hardness testing was done with a portable hardness tester with a pressing load of 2 kg and 
a ball-shaped indenter with a diameter of 2 mm. Hardness testing was conducted using the ASTM E110-14 
test standard. The test procedure is as follows: 
1. Prepare all equipment and specimens required for the hardness testing process. 
2. Calibrate a suitable portable hardness tester to ensure accurate measurements. 
3. Place the specimen securely on a flat area. 
4. Place the nozzle on the surface of the sample and press. 
5. Monitor the results displayed on the test equipment monitor screen. 
6. Do this 3 times at different points. 

 
- Full factorial Design Method 

The full factorial method thoroughly evaluates the effects of factors and their interactions in experiments. 
It is a regression approach used to model the relationship between the response variable and one or more 
independent variables. The advantages of the full factorial design include its ability to provide comprehensive 
information on the main effects and interactions between the factors under study. 
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Table 3. The Full factorial Design 

No. 

Response Variable 
Reinforcement Presentation 

 (%) 
Sintering Temperature 

(◦C) 
Quantity of 
Specimens 

1 6 540 3 
2 6 560 3 
3 6 580 3 

4 9 540 3 
5 9 560 3 
6 9 580 3 
7 12 540 3 

8 12 560 3 

9 12 580 3 

This research uses a complete factorial design method, with the percentage of reinforcement and 
sintering temperature as factors that have three levels. The levels between parameters can be multiplied, 
and each combination is tested a total of n times. Details of this treatment and experimental combination 
are shown in Table 3. 

- Analisis of varian (ANOVA) 
Analysis of Variance (ANOVA) is a method to test the hypothesis of similarity of means of three or more 

populations. The analysis of repeated measurement data is carried out to investigate whether there are 
significant differences. To evaluate the factors A, B, the interaction between A and B, total, and error can be 
calculated using the following equation: 

𝑆𝑆! =
1
𝑏𝑛
∑ 𝑌2 − 𝑌2

𝑎𝑏𝑛
𝑎
𝑖=1   (1) 

𝑆𝑆" =
1
#𝑛
∑ 𝑌2 − 𝑌2

𝑎𝑏𝑛
𝑎
$=1   (2) 

𝑆𝑆!" =	
%
&
∑ ∑ 𝑌'𝑖𝑗 − (!

#)&
− 𝑆𝑆! − 𝑆𝑆")

$*%
#
+*%   (3) 

𝑆𝑆, = ∑ ∑ ∑ 𝑌'𝑖𝑗𝑘 − (!

#)&
&
-*%

)
$*%

#
+*% 	  (4) 

𝑆𝑆. = 𝑆𝑆, − 𝑆𝑆! − 𝑆𝑆" − 𝑆𝑆!"   (5) 

The ANOVA table for a fullfactorial design summarizes the source of variation, degrees of freedom (DF), 
the sum of squares (SS), mean square (MS), and F-value. For the fullfactorial design of this study, the ANOVA 
table is organized as follows: 

Table 4. ANOVA fullfactorial design  
Source of Variation SS DF MS Fvalue 

A SSA 
𝒏 − 𝟏 𝑴𝑺𝑨 =

𝑺𝑺𝑨
𝑫𝑭𝑨

 
𝑴𝑺𝑨
𝑴𝑺𝑬

 

B SSB 𝒏 − 𝟏 𝑴𝑺𝑩 =
𝑺𝑺𝑩
𝑫𝑭𝑩

 
𝑴𝑺𝑩
𝑴𝑺𝑬

 

AB SSAB 
(𝒂 − 𝟏)(𝒃 − 𝟏) 𝑴𝑺𝑨𝑩 =

𝑺𝑺𝑨𝑩
𝑫𝑭𝑨𝑩

 
𝑴𝑺𝑨𝑩
𝑴𝑺𝑬

 

Error SSE 𝒂𝒃(𝒏 − 𝟏) 𝑴𝑺𝑬 =
𝑺𝑺𝑬

𝒂𝒃(𝒏 − 𝟏)
  

Total SST 𝑵− 𝟏   
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3. Result and Discussion 
The mixing process results were achieved using the mechanical alloying method for 6 hours. 

 

Figure 3. Mechanical alloying results 

Based on the picture, using the mechanical alloying method, the mixing results will be more 
homogeneous, forming interlocking bonds when carried out in the sintering process. The results of the 
Particle Size Analyzer (PSA) test conducted at the FMIPA-KIMIA laboratory, Brawijaya University, obtained 
a value for the average distribution size of 10 grams of powder is D50: 144.28μm, which can be seen in the 
graph of the test results in Figure 4. This study uses a ring-shaped sample with an outer diameter of 50 
mm and an inner diameter of 20 mm, with a sample height of 8mm weighing 35-40 grams in each sample. 

 

Figure 4. The mixing process results were achieved using the mechanical alloying Distribution graphic 
of D50:144.28 powder with particle size analyzer (PSA) testing. 

 

 
Figure 5. Results of hot compaction results with two-way pressing 

 
- Density and hardness test data 

- Density test data 
After performing the density and hardness tests, the test results provide information about the 

maximum density value obtained before failure. Although 3 samples per parameter variation may be 
sufficient in some cases, it may not always provide the most reliable results. Table 1 and 2 shows the 
density and hardness test results, which were used for further analysis of the material's mechanical 
properties. 

Lenovo 
2024-12-18 09:21:21 
-------------------------------------------- 
Gunakan SEM untuk melihat visual 
lebih detail. 

Lenovo 
2024-12-18 09:33:48 
-------------------------------------------- 
Pada tabel 2 menunjukkan 
mechanical properties. 

Lenovo 
2024-12-18 10:00:26 
-------------------------------------------- 
Tidak ditemukan hasil uji kekerasan 
dalam tabel 2. 



 8 

Based on the density test data, it is evident that the percentage of material after sintering significantly 
affects the density of the material. The highest value, 2.415 g/cm³, was achieved in the sample using a 12% 
reinforcement percentage and a sintering temperature of 580°c. In contrast, the sample using a 6% 
reinforcement percentage and 540°c sintering temperature produced the lowest density value of 
1.783g/cm³. The increase in value is caused by increasing the density value of the specimen. In the 
sintering process, there can be changes in microstructure, such as a decrease in the number of pores and 
a reduction in pore size to increase the density value, and the gas or air trapped in the specimen 
evaporates so that the density value increases. Density helps to increase heat absorption and release 
capacity, aiming to prevent performance loss due to overheating. These results provide important insights 
for determining the optimal reinforcement and sintering temperature percentage to achieve the maximum 
material value. 

Table 5. Density test results  
 Reinforcement 

Presentation 
(%) 

Sintering 
Temperature 

(°C) 

Density (g/cm³) Average 
(g/cm³) 

No    

 1 2 3 

1 6 540 1,783 1,733 1,829 1,781 
2 6 560 1,811 1,797 1,805 1,804 
3 6 580 1,834 1,808 1,810 1,817 
4 9 540 1,815 1,850 1,865 1,843 
5 9 560 2,018 2,013 1,835 1,955 
6 9 580 2,007 1,954 2,092 2,017 
7 12 540 1,994 2,008 2,295 2,099 
8 12 560 2,218 2,171 2,075 2,154 
9 12 580 2,415 2,220 2,291 2,308 

 

 

Figure 6. The graphic of the density test results 
 

- Analysis of Variance Density 
Analysis of variance (ANOVA) was performed by calculating the sum of squares of the experimental data 

based on Table 5. Calculating the sum of squares includes several important components using equations (1) 
to (5). The calculated components include the sum of squares for factor A, the sum of squares for factor B, 
the sum of squares for the interaction between factors A and B, the sum of errors, and the total sum of 
squares. After all the components of the sum of squares were calculated, the results were entered into the 
ANOVA table. This ANOVA table is used to identify the significance of the effect of each factor and its 
interaction with the response variable, as well as to determine the proportion of data variability explained 
by the model. 

0
0,5

1
1,5

2
2,5

3

6% 9% 12%

Reinforcement Presentation

Dr
ns

ity
 (g

/c
m

³)

Density Test Results (g/cm³)

Sintering Temperature 540°C Sintering Temperature 560°C

Sintering Temperature 580°C

Lenovo 
2024-12-18 09:37:26 
-------------------------------------------- 
Perlu bukti seperti foto SEM. 

Lenovo 
2024-12-18 09:59:33 
-------------------------------------------- 
Apakah densitas penting jika 
diaplikasikan ke brake lining ? 
jelaskan 

Lenovo 
2024-12-18 10:03:12 
-------------------------------------------- 
Tidak ditemukan data percobaan 
pada tabel 2. 
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SS2 =
1
9
×	

							
((1,783 + 1,811 +⋯+ 1,810)' + (1,815 + 2,018 +⋯+ 2,092)' + (1,944 + 2,218 +⋯+ 2,291)')

9
	

								−
53,346'

27
= 0,69012 

SS3 =
1
9
×	

							
((1,783 + 1,733 +⋯+ 2, ,295)' + (1,811 + 1,797 +⋯+ 2,075)' + (1,834 + 1,808 +⋯+ 2,291)')

9
	

											−
53,346'

27
= 0,08831 

SS23 = (1,783' + 1,733' +⋯+ 2,291') −
53,346'

27
− 0,58403 − 0,06386 = 	0,03124 

SS4 = (1,783' + 1,733' + 1,829' +⋯+ 2,291') −
53,346'

27
= 0,93541 

SS5 = 0,93541 − 0,69012 − 0,08831 − 0,03124 = 0,1257 

The results of calculating the sum of squares were entered into the ANOVA table for further analysis. This 
table includes the sum of squares for factors A and B, the interaction between the two, and the error. The 
sum of squares calculates the values of degrees of freedom, mean square, and F-value. The F-value is used 
to assess the significance of the effect of each factor and its interaction with the response variable. This 
process helps explain the extent to which the applied model can describe the variability of the data. 

Table 6. Analysis of Variance Density 
Source of Variation SS Df MS Fvalue Ftable 

A 0,69012 2 0,345061 49,41 3,55 
B 0,08831 2 0,044157 6,32 3,55 

AB 0,03124 4 0,007809 1,12 2,93 
Error 0,1257 18 0,006983   
Total 0,93541 26    

 
The significance level used is 5% or 0.05. Based on Table 6, the ANOVA density results show that the 

calculated F value for the percentage of reinforcement is greater than the F table value. The calculated F 
value for the percentage of reinforcement is 49.41, while the F table value is 
3.55. Thus, the decision is that H1 fails to be rejected, which means that the percentage of reinforcement 
significantly affects the density value of the composite. Furthermore, the calculated F value for sintering 
temperature is greater than the F table value. The calculated F value for sintering temperature is 6.32, with 
the same F table value of 3.55. This result also shows that the decision H1 fails to be rejected, meaning the 
sintering temperature treatment significantly affects the density. 

Furthermore, the interaction between the percentage of reinforcement and sintering temperature 
treatment showed a calculated F value smaller than the F table value. The calculated F value for the 
interaction between these two factors was 1.22, with an F table value of 2.93. Based on these results, the 
decision is that H0 fails to be rejected, meaning that the interaction between the percentage of 
reinforcement and sintering temperature has no significant effect on the density value. This ANOVA 
concludes that both the reinforcement percentage and sintering temperature significantly affect the density 
tested. In contrast, the interaction between the reinforcement percentage and sintering temperature does 
not significantly affect the density values. 

 
- Hardness test data 

Based on Table 7, the hardness test data, it is evident that the percentage of material after sintering 
significantly affects the density of the material. The highest value, 75HB, was achieved in the sample using a 
sintering temperature of 580°c. Conversely, the sintering temperature of 540°c produced the lowest 
hardness value of 53.7HB. The increase in value is caused by increasing the hardness value of the specimen, 
and the sintering process can increase the density caused by the formation of bonds between particles in the 
powder through atomic diffusion. A strong chemical bond forms, thereby strengthening the overall structure 

Lenovo 
2024-12-18 10:16:38 
-------------------------------------------- 
dimana data ini..  
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of the material and increasing its hardness. These results provide important insights for determining the 
optimal percentage of reinforcement and sintering temperature to achieve the maximum hardness value of 
the material. Of course, excessive hardness can cause a decrease in braking performance. Conversely, brake 
linings made from materials with too low a hardness may not be as durable or effective in generating the friction 
required for braking. 

Table 7. Hardness test results  
 Reinforcement 

Presentation 
(%) 

Sintering 
Temperature 

(°C) 

Kekerasan (HB) Average 
(HB) 

No    

 1 2 3 

1 6 540 54 56,3 53,7 54,6 
2 6 560 58,3 55,6 56 56,6 
3 6 580 60,6 57,6 58 58,7 
4 9 540 62 60 63,3 61,7 
5 9 560 65 63,6 66 64,8 
6 9 580 64 68,3 70,3 67,5 
7 12 540 69,7 71 68,6 69,7 
8 12 560 71,7 68 74,3 71,3 
9 12 580 70,6 72 75 72,5 

 

 

Figure 7. The graphic of the density test results 

- Analysis of Variance Hardnes 
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SS23 = (54' + 56,3' +⋯+ 75') −
1733,5'

27
− 0,58403 − 0,06386 = 	8,21 

SS4 = (54' + 56,3' + 53,7' +⋯+ 75') −
1733,5'

27
= 1116,25 

SS5 = 1116,25 − 954,11 − 76,78 − 8,21 = 77,15 

The results of calculating the sum of squares were entered into the ANOVA table for further analysis. 
Table 8 includes the sum of squares for factors A (reinforcement presentation) and B (sintering temperature), 
the interaction between the two, and the error. The sum of squares calculates the values of degrees of 
freedom, mean square, and F-value. The F-value is used to assess the significance of the effect of each factor 
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and its interaction with the response variable. This process helps explain the extent to which the applied 
model can describe the variability of the data. 

 

 
 

Table 8. Analysis of Variance Hardness 
Source of Variation SS Df MS Fvalue Ftable 

A 954,11 2 477,055 111,30 3,55 
B 76,78 2 38,389 8,96 3,55 

AB 8,21 4 2,052 0,48 2,93 
Error 77,15 18 4,286   
Total 1116,25 26    

 
Based on Table 8, the decision and conclusion of the analysis of variance (ANOVA) are as follows: 
Hypothesis: 

1. For the variable factor of material composition: 
- H0: There is no significant effect of reinforcement presentation factor on hardness value. 
- H1: The reinforcement presentation factors significantly influence the hardness value. 

2. For variable factors of sintering temperature: 
- H0: No significant influence of the sintering temperature factor on hardness value exists. 
- H1: The sintering temperature factor significantly influences the hardness value. 

Decision: 
Level of significance: The significance level used is 5% or 0.05. Based on Table 4, the factorial design 

ANOVA results show that the calculated F value for the percentage of reinforcement is greater than the F 
table value. The calculated F value for the percentage of reinforcement is 111.30, while the F table value is 
3.55. Thus, the decision is that H1 fails to be rejected, which means that the percentage of reinforcement 
significantly affects the hardness value of the composite. Furthermore, the calculated F value for the sintering 
temperature is greater than the F table value. The calculated F value for the sintering temperature is 8.96, 
with the same F table value of 3.55. This result also shows that the decision H1 fails to be rejected, meaning 
the sintering temperature treatment significantly affects the value. 

Furthermore, the interaction between percentage and sintering temperature treatment shows that the 
calculated F value is smaller than the F table value. The calculated F value for the interaction between these 
two factors is 0.48, with an F table value of 2.93. Based on these results, the decision is that H0 fails to be 
rejected, meaning that the interaction between the percentage of reinforcement and sintering temperature 
has no significant effect on the hardness value. This ANOVA concludes that both the reinforcement 
percentage and sintering temperature significantly affect the hardness tested. In contrast, the interaction 
between reinforcement percentage and sintering temperature significantly does not affect the hardness 
values. 

4. Conclusion 
In this study, aluminium matrix composites reinforced with silica alloys and agricultural waste from the 

powder metallurgy process can affect the resulting density and hardness values because the difference in 
sintering temperature can produce stronger inter-particle bonds and pores that increase in density so that 
the density and hardness values are high. Data on the density and hardness values of aluminium matrix 
composites show the highest average value is 2.308 g/cm³ and 72.5HB, achieved with a reinforcement 
percentage of 88% Al: 12% (SiO2, RHA, BA), which was treated with a sintering temperature of 580℃. On the 
other hand, the lowest average density value of 1.781 g/cm³ and the lowest average hardness value of 54.6HB 
were recorded for the reinforcement percentage of 92% Al: 12% (SiO2, RHA, BA) sintered at 540℃. Both factors 
were studied based on the results of the Analysis of Variance (ANOVA) on the density and hardness data. 
Namely, the percentage of reinforcement and the sintering temperature itself significantly affected the 
tensile strength of the resulting composites. These results indicate that variations in reinforcing percentage 
and sintering temperature do not significantly alter the tensile strength of silica alloy and agricultural waste-
reinforced composites. Thus, these treatments may not be effective in significantly increasing the density and 
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hardness of the composites. 
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